The beam energy in LEP Phase I at maximum luminosity is 55 GeV.
Introduction
The beam energy in LEP Phase I at maximum luminosity is 55 GeV.
With a circulating current of 3 mA per beam, an effective cavity shunt impedance of 40 M6/m and RF power losses in the waveguide system of 7.5%, a total of 14.9 MW RF generator power is required for achieving this energy1, the respective values for injection being 20 GeV and about 0.26 MW.
This RF power is generated by 16 They are housed inside leadshielded "garages" since X-ray levels up to 400 mrem/h were measured in the proximity of the output cavity when the klystrons were operated at rated output power, i.e. 1000 kW. An interlock system permits only the HV to be switched on when all lead panels of the "garage" are in place. Additional It is adjusted so that at the respective maximum output power the klystron is operated in saturation.
Due to the strong phase dependence of the RF output signal on the cathode voltaoe, the klystrons are operated at only two different voltages, i.e. either 66 or 86 kV.
At the lower voltage level a maximum klystron output power of 420 kW and hence a LEP energy of about 45 GeV can be achieved, provided all klystrons and RF cavities are operational.
When the klystron output power is varied between its minimum and maximum values, by means of the modulation anode voltage, the RF phase of the output siqnal is delayed by about 7cP.
An RF phase shifter, which is installed at the input of each driver amplifier and within a phase loop around klystron and driver, maintains the output phase delay always constant. It also compensates the RF phase variations caused by the 600 Hz ripple superimposed on the d.c. operating voltage.4
The klystron output must cope with load mismatches of VSWR < 1.3 at rated output power. The reflected RF power due to beam loading is expected not to exceed this value at construction Phase I. Therefore, no isolators are installed between klystrons and RF cavities. They may, however, be required in later phases and space has been reserved for this.
A fast detector and monitoring system receives the signal caused by reflections from a directional coupler, mounted in the output waveguide. It acts on Fig. 2 The electrical and mechanical specification, in particular the d.c. operation voltage, the rated output power, RF qain and efficiency, the mechanical overall length, the HV connectors, the output wavequide heiqht and size, the connectors for RF input, ion pumps and focusing coils supply and the fittings for the cooling water circuits, permit the easy interchange of the klystrons of the two makes. Provided a spare klystron is available in the proximity of a faulty one a klystron replacement could be executed within a few hours, due to the application of quick-change connectors and fittinqs.
RF Power Distribution System All wavequide components used in LEP are of the EIA standard type WR 2300, of which all those installed in the "klystron tunnels" and link holes between the two tunnels are of the normal two-to-one aspect ratio and all those in the main ring tunnel are of the "half-height" type, i.e. their height-to-width ratio is 1:4. The choice of the two different waveguide heights is due to space constraints in the main rinq tunnel on one hand and the low specific insertion loss in those waveguides with a relative high RF power flow on the other. At an RF power flow of 1 MW the losses per metre are 320 and 560 W respectvely. In spite of the relatively low losses in the "full-height" waveguides, they will be fitted with water-coolinq pipes in order not to overload the air-conditioning system in the klystron galleries at full-power operation. groups in order to achieve the above-mentioned phase requirement. This is achieved by feedinq the f, siqnal into the E-port and the f2 siqnal into the H-port of the magic-tee combiner.
At all maqic-tee power splitters the RF siqnal is fed into the H-port whereas the E-port is terminated via a waveguide to coax transition by a 50 water load. Reflected RF power is absorbed in the demineralized water which circulates in these coaxial loads. At the LEP RF frequency the RF power attenuation of demineralized water is about 5 dB at 20°C and about 2.5 dB at 50PC per metre water column. The lenoth of the water-filled section of the load is fixed to 2.5 m, the overall length being 2.9 m.
Whenever it is necessary to run LEP with some klystrons turned off the beam-induced power in the corresponding idling cavities has to be diverted into two of the magic-tee water-loads in order to protect the klystrons from excessive reflected power levels. A motor-driven phase-switch which delays the RF signal by 18i when the f i ve p i stons are i nserted i n the waveguide is mounted in each of the two signal paths so that the reflected power is diverted into the two loads of the first power-splitting staqe. Both the 600 phase-shifter and the 180°p hase-shifter were tested under full power; the sprino contacts round the pistons then reached temperatures of up to 10(P C corresponding to an insertion loss of 1-20/oo. The magic-tee combiner was equally tested at full operation power, i.e. with 2 x 1 MW at the inputs. tJnder these conditions an insertion loss of 6 kW was measured by calorimetric means.
The isolation between E-and H-port was found to be -38 dB.
As at all "full-heiqht" waveguide straiqht sections the magictees will be fitted with water-coolinq pipes.
The total waveguide length required in LEP is about 1650 m of which 1100 m is of the full-height and 550 m of the half-heiqht type.
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